Introduction
============

Atrial fibrillation (AF) is the most common persistent arrhythmia in clinical practice, affecting approximately 1.5% to 2% of the population in developed countries, with a still increasing mean age, currently ranging from 75 to 85 years^[@r01]^. In Brazil, around 1.5 million individuals are estimated to have AF, which is considered to account for 33% of all hospitalizations due to arrhythmia, being associated with an increased risk for encephalic vascular accident (EVA), heart failure (HF) and overall mortality^[@r02]^.

Ablation of AF is increasingly becoming an important therapeutic option^[@r03]^. The complexity of the procedure, the diversity of techniques used in ablation and of patients with AF and their different pathogenicities hinder the reproduction of results and the indication for the procedure^[@r04]^. Recurrence of AF remains the major hindrance to the results of AF ablation, and the mechanisms involved and markers have not been totally clarified.

Since the contribution by Haïssaguerre^[@r05]^, emphasizing the value of ectopic foci in pulmonary veins (PV) as an important factor in AF physiopathogenesis, a new perspective for the treatment of that arrhythmia by using a catheter has emerged. The clinical experience acquired over recent years along with technological advances have provided greater safety and efficacy to the treatment of AF. In that context, tridimensional mapping has become an important tool to the electrophysiologist regarding catheter anatomy and location, providing a safe and effective treatment of the lesions inside the left atrium (LA) and around the PV^[@r06]^.

This study aimed at assessing the efficacy of AF ablation by use of a radiofrequency (RF) catheter guided by electroanatomical mapping, and the factors related to AF recurrence.

Methods
=======

Study design
------------

This is a prospective cohort study including consecutive patients submitted to RF catheter ablation guided by electroanatomical mapping for the treatment of AF.

Population
----------

The present study was performed at the Arrhythmia Service of the Hospital São Lucas (HSL) of the Pontifícia Universidade Católica of Rio Grande do Sul (PUC-RS), in the city of Porto Alegre, state of Rio Grande do Sul, from April 2007 to March 2012. This study included 95 patients, who underwent RF catheter ablation guided by electroanatomical mapping for the treatment of AF (total of 102 procedures). The patients\' inclusion criteria were as follows: minimum age of 18 years; presence of paroxysmal, persistent or longstanding persistent AF; AF recording on an electrocardiogram (ECG), exercise testing or Holter monitoring (duration longer than 15 minutes); presence of symptoms associated with AF episodes; AF refractoriness to, at least, two antiarrhythmic drugs, one of which being amiodarone, or impossibility to use antiarrhythmic drugs. The exclusion criteria were as follows: presence of a thrombus in the LA; contraindication to anticoagulation; and not providing written informed consent.

This study project was approved by the Committee on Ethics and Research of the Instituto de Cardiologia do Rio Grande do Sul/Fundação Universitária de Cardiologia (protocol 103.749).

Data collection and follow-up
-----------------------------

After the patients provided written informed consent, all information regarding their clinical data and procedures were prospectively collected. The patients were clinically followed up, and underwent ECG and 24-hour Holter monitoring on day 30, and at 3, 6, 18 and 24 months. The results were assessed independently of the clinical follow-up normally performed and by observers not related to the procedure, to reduce possible biases inherent in data collection.

Ablation procedure
------------------

All patients underwent transesophageal echocardiography before the procedure. From 2010 on, the patients also underwent computed tomographic angiography prior to the procedure, enabling the integration of the tomographic images with the mapping system (Cartomerge, Biosense Webster Inc). Patients on warfarin had their medication adjusted to undergo the procedure, with an International Normalized Ratio (INR) between 1.5 and 2.5. The LA was approached through two transseptal punctures guided by intracardiac echocardiogram to place a Lasso catheter (Cordis Corporation, Biosense Webster) and a catheter irrigated with saline solution with a 3.5-mm tip (NaviStar, ThermoCool, Biosense Webster), used for geometrical reconstruction and ablation. Later, an intravenous bolus of 10,000 U of unfractionated heparin was administered, being followed by activated coagulation time assessments every 30 minutes, aiming at maintaining that time between 250 and 350 seconds.

Point-to-point ablation lines were placed around the PV and 1 to 2 cm from their ostia. The RF was applied with a potency of 25-30 W and at a maximum temperature of 45º C, being kept until achieving a 50% decrease in the amplitude of the atrial electrogram located in the ablation area or until reaching an electrogram \< 0.1 mV. The procedure was considered successful when complete isolation of the PV was achieved, including PV entrance and exit block. Entrance block was defined as the absence or dissociation of the potentials of the PV, through atrial stimulation or sinus rhythm. Exit block was identified as the inability of the PV electrical activity to achieve the LA during electrical stimulation inside the PV. After demonstrating the PV electrical isolation, there was a 20-minute wait to observe whether there was reconnection of any PV. In cases of persistent AF or long-standing persistent AF, and those with persistent AF after the electrical disconnection of the PV, additional ablation lines were sequentially performed in the mitral isthmus, in addition to gathering the lines in the LA roof, at the LA base and inside the coronary sinus, until AF reversion. When no spontaneous reversion was achieved, electrical cardioversion was attempted. When reversion was achieved, the procedure was interrupted. In case of no reversion, additional RF applications were performed at fractionated potentials on the posterior wall. Again, an electrical cardioversion was performed, followed by procedure interruption. The procedure was considered to fail when the initial success above described was not achieved or when no AF reversion was obtained, even with electrical cardioversion. The venous sheaths were withdrawn after the end of the procedure, reaching an activated coagulation time shorter than 180 seconds, either spontaneously or by using protamine. Intravenous continuous heparin was initiated 6 hours after removing the sheaths and maintained for 24 hours, being then replaced by low-molecular-weight heparin until reaching an INR greater than 2 with warfarin.

Definition of the variables
---------------------------

Atrial fibrillation was classified according to the Task Force for the Management of Atrial Fibrillation of the European Society of Cardiology^[@r07]^, and the variables were related to the procedure according to the HRS/EHRA/ESC^[@r08]^. Atrial fibrillation is considered paroxysmal when self-terminating, usually within 48 hours, but may continue for up to 7 days. Atrial fibrillation is considered persistent when an episode lasts more than 7 days or requires termination by cardioversion. Atrial fibrillation is considered long-standing persistent if it has lasted for ≥ 1 year when it is decided to adopt a rhythm control strategy. The patient was considered recurrence-free when neither AF, atrial flutter nor atrial tachycardia occurred within 30 days from the procedure and during the follow-up. Recurrence in the first 30 days were recorded; however, they were not included as recurrence for the major outcome.

Major complications were considered when resulting in permanent sequela, death, need for therapeutic intervention or prolongation of hospitalization. The clinical importance of AF was estimated according to the EHRA score^[@r09]^.

Statistical analysis
--------------------

Continuous variables were expressed as mean and standard deviation, and Student *t* test was used to compare the differences. Chi-square test and Fisher exact test were used to assess the differences between categorical variables. The recurrence rate was assessed by using the Kaplan-Meier curve, and the significance analysis between variables (univariate) was performed with the long-rank test. The variables showing association with the outcome at a p value \< 0.10 or those with clinical importance related to the outcome AF recurrence after ablation were selected for Cox regression. The two-tailed p value \< 0.05 was considered statistically significant, and the results of Cox regression were expressed as the incidence density ratio (HR) and its respective 95% confidence intervals (CI). The analysis was performed with the Statistical Package for the Social Science (SPSS) program, version 20.0.

Results
=======

Characteristics of the population
---------------------------------

This study assessed 102 procedures for AF ablation in 95 patients, mainly men, with paroxysmal AF of low risk for thromboembolic events. [Table 1](#t01){ref-type="table"} shows the major characteristics of the population studied.

###### 

Characteristics of the population studied

  **Characteristics**     **n = 95**                 
  ----------------------- -------------------------- -----------
  Age (years)             55.5 ± 12.1                
  Sex (male)              80 (84.2)                  
  AF classification                                  
                          Paroxysmal                 62 (65.3)
                          Persistent                 12 (12.6)
                          Long-standing persistent   21 (22.1)
  EHRA (mean)             2.4 ± 0.8                  
                          1                          13 (13.7)
                          2                          36 (37.9)
                          3                          40 (42.1)
                          4                          6 (6.3)
  SAH                     46 (48.4)                  
  DM                      8 (8.42)                   
  HF                      5 (5.26)                   
  CHADS~2~ (mean)         0.8 ± 0.9                  
                          0                          42 (44.2)
                          1                          35 (36.8)
                          2                          11 (11.6)
                          3                          6 (7.4)
  LA diameter (mm)        43 ± 5                     
  Ejection fraction (%)   66 ± 9                     

Data expressed as mean ± standard deviation or n (%). AF: atrial fibrillation; EHRA: European Heart Rhythm Association; SAH: systemic arterial hypertension; DM: diabetes mellitus; HF: heart failure; LA: left atrium.

No patient had heart valve disease, asymmetric hypertrophic cardiomyopathy, or severe kidney failure (creatinine clearance \< 40 mL/min). Most patients (85) were on antiarrhythmic drugs as follows: amiodarone, 48 (56.5%); propafenone, 15 (17.6%); sotalol, 5 (5.9%); and two or more antiarrhythmic drugs, 17 (20.0%). Forty-nine patients (51.6%) had already undergone at least one electrical cardioversion and 66 (69.5%) had already been hospitalized due to AF in the previous 12 months.

Procedure
=========

[Table 2](#t02){ref-type="table"} shows the major characteristics of the procedures performed in this study. Six patients required a second procedure, and only one patient required a third one. Most patients had sinus rhythm by the end of the procedure.

###### 

Characteristics of the ablation procedures

  **Characteristics**                                **n = 102**   
  ------------------------------ ------------------- ------------- -----------
  Duration of procedure (min)                        167 ± 50      
  Duration of radioscopy (min)                       51 ± 18       
  Number of procedures                                             
                                 1                                 95 (93,1)
                                 2                                 6 (5,9)
                                 3                                 1 (1,0)
  Final rhythm                                                     
                                 Spontaneous sinus                 77 (75,5)
                                 Sinus after ECV                   15 (14,7)
                                 AF                                10 (9,8)

Data expressed as mean ± standard deviation or n (%). ECV: electrical cardioversion; AF: atrial fibrillation.

Complete isolation of the PV was achieved in 89.7% of the procedures.

[Figure 1](#f01){ref-type="fig"}, comparing the total durations of the procedures and radioscopy between the initial years and more recent ones, shows a progressive decrease of both total durations (p \< 0.001 and p \< 0.001, respectively), according to the linear trend test. Between the years 2009 and 2012, the period corresponding to the greatest number of procedures, there was an 18-minute/ year reduction in the total duration of the procedure (p = 0.001) and a 6.6-minute/year reduction in the total duration of radioscopy (p = 0.005).

![Mean duration of the procedure and of radioscopy according to the year the procedure was performed.](abc-102-01-0030-g01){#f01}

Efficacy of the procedure
-------------------------

The median follow-up duration was 13.4 months. The recurrence-free rate for patients undergoing AF ablation guided by electroanatomical mapping was 75.5% in 12 months ([Figure 2](#f02){ref-type="fig"}). There were 33 recurrences, whose median time was 8 months. The percentage of patients not using antiarrhythmic drugs among those free from recurrence was 33.3% at 3 months, 66.7% at 6 months, and 88.2% at 18 months of follow-up.

![Kaplan-Meier curve for atrial fibrillation recurrence.](abc-102-01-0030-g02){#f02}

Variables associated with AF recurrence
---------------------------------------

[Table 3](#t03){ref-type="table"} shows the patients\' major clinical characteristics related to the procedure, stratified by the outcome recurrence.

###### 

Clinical characteristics related to the procedure, stratified according to atrial fibrillation recurrence

  **Characteristics**      No AF recurrence (n = 69)   AF recurrence (n = 33)   **P value**   
  ------------------------ --------------------------- ------------------------ ------------- ------
  Age (years)              55.5 ± 12                   55.7 ± 10                0.91          
  Sex (male)               58 (84.1)                   29 (87.9)                0.76          
  AF classification                                                                           
                           Paroxysmal                  47 (68.1)                19 (57.6)     0.96
                           Persistent                  10 (14.5)                2 (6.1)       
                           Long-standing persistent    13 (18.8)                11 (33.3)     
  SAH                      34 (49.3)                   17 (51.5)                0.83          
  CHADS2 (mean)            0.75 ± 0.8                  0.87 ± 0.9               0.50          
                           0                           31 (44.9)                13 (39.4)     
                           1                           26 (37.7)                13 (39.4)     
                           2                           8 (11.6)                 3 (9.1)       
                           3                           3 (4.3)                  3 (9.1)       
  LA diameter (mm)         41 ± 4                      48 ± 4                   0.001         
  Ejection fraction (%)    66 ± 9                      66 ± 6                   0.91          
  Duration of procedure    151 ± 50                    187 ± 56                 0.001         
  Duration of radioscopy   47 ± 19                     58 ± 15                  0.44          

Data expressed as mean ± standard deviation or n (%). AF: atrial fibrillation; SAH: systemic arterial hypertension; LA: left atrium.

The variable \'AF classification\' was divided into paroxysmal AF + persistent AF (total of 78 procedures, and recurrence rate per procedure of 26.9% in the follow-up time) and long-standing persistent AF (total of 24 procedures, and recurrence rate per procedure of 45.8%) (p = 0.04).

After adjusting for age, sex, AF classification, presence of systemic arterial hypertension (SAH), CHADS2 score, and ejection fraction, the size of the LA showed to be an independent predictor of AF recurrence after the procedure, with a HR of 2.58 (95% CI: 1.36-4.89) per adjusted millimeter.

The variable \'size of the LA\' was divided into three groups based on the median (42 mm) and 75^th^ percentile (46 mm) of the sample as follows: Group 1 (G1), composed by LA size between 34 and 42 mm; Group 2 (G2), composed by LA size between 43 and 46 mm; and Group 3 (G3), composed by LA size between 47 and 55 mm. [Figure 3](#f03){ref-type="fig"} shows the different curves of AF recurrence, according to LA size, considering all procedures.

![Kaplan-Meier curve for atrial fibrillation recurrence after the procedure, according to left atrium size.](abc-102-01-0030-g03){#f03}

[Table 4](#t04){ref-type="table"} depicts the AF recurrence according to LA size.

###### 

Atrial fibrillation (AF) recurrence rate according to the left atrium (LA) size

  LA size (mm)   **n**   AF recurrence n (%)   **HR**   **95% CI**    **p value**
  -------------- ------- --------------------- -------- ------------- -------------
  34-42          53      3 (5,7)               \-       \-            \-
  43-46          25      10 (40,0)             10,04    1,51-66,77    0,017
  47-55          24      20 (83,3)             18,07    2,71-120,58   0,003

p value trend \< 0.001; \* Wald chi-square versus baseline group (normal left atrium range: 34-39 mm). HR: incidence density ratio; 95% CI: 95% confidence interval.

The area under the ROC curve of LA size to predict AF recurrence was 0.89 (95% CI: 0.812-0.968).

Safety of the procedure
-----------------------

There were five complications related to the procedure (4.9%). One patient evolved with EVA, and the thrombus was visualized on intracardiac echocardiogram after transseptal puncture; however, the thrombus detached before it could be aspirated. The procedure was suspended. After recovering from anesthesia, the patient had clinical signs of EVA with a National Institutes of Health (NIH) Stroke Scale of 11^[@r10]^. That finding was confirmed on magnetic resonance. The patient was successfully treated with alteplase two hours after symptom onset (NIH = 0, 8 hours after end of infusion). One patient with PV stenosis diagnosed on computed tomographic angiography was followed up. Because of the low repercussion on scintigraphy, clinical treatment was chosen. Another complication was the formation of a pseudoaneurysm in the femoral region, which was surgically fixed. Two patients had similar cases of pulmonary edema with normal pulmonary capillary pressure associated with an important increase in inflammation markers (erythrocyte sedimentation rate and C-reactive protein) 24 hours after extensive ablations, due to long-standing persistent AF. Both patients responded to high corticosteroid doses, with a satisfactory outcome after 48 hours. A 70-year-old male patient, with creatinine clearance of 35 mL/min, died late (after 30 days), due to a cause not related to the procedure, but to a hemorrhagic EVA secondary to anticoagulant therapy.

Discussion
==========

Radiofrequency catheter ablation has undergone rapid development, being currently one of the major therapeutic options for the treatment of AF^[@r08]^.

With the accumulation of evidence regarding the efficacy and safety of the procedure, in 2012 a new recommendation was suggested by the HRS/EHRA/ESC expert consensus, classifying RF catheter ablation as class I, level of evidence A, for symptomatic patients with paroxysmal AF refractory to drug therapy. The same document published a consensus about the technical aspects and the strategies used for the AF ablation treatment. Regardless of the technique used, the complete electrical isolation of all PV should be performed as the initial objective of the procedure^[@r04]^. The tridimensional mapping provides better accuracy to identify the anatomy for RF application on the LA and around the PV^[@r06]^.

Based on the recurrence rate, many patients are candidates to repeat ablation. Two systematic reviews and one meta-analysis involving patients with paroxysmal or persistent or long-standing persistent AF had a success rate of one single ablation of 57%, and that rate increased to 77% when considering multiple procedures^[@r11]^.

In this study, the number of patients free from recurrence was higher among those with paroxysmal AF and persistent AF than among patients with long-standing persistent AF during follow-up.

An important factor to be considered was the possible influence of the learning curve12. There was a reduction in the total procedure duration as well as in the radioscopy duration with the learning curve, the latter being also influenced by the association of reconstruction by use of the Cartomerge software. Such results were similar to those of the study by Tang et al^[@r13]^ Nevertheless, the same findings have not been reported by the Italian registry^[@r14]^.

Despite the greater number of AF recurrences after the initial procedures (54% within the first three years from the procedure), the post-procedure rate of AF recurrence-free patients was similar to that reported in the literature^[@r15]-[@r19]^. When analyzing only the last two years, the post-procedure rate of AF recurrence-free patients was 77%, similar to those of centers with a greater experience in that type of procedure, whose rates have ranged from 20% to 60%^[@r20]-[@r22]^.

Enlargement of the LA was the only variable independently associated with AF recurrence after the procedure. In the Framingham Heart Study, LA enlargement was also considered an independent predictor of AF appearance in the general population^[@r23]^. Several studies have identified factors associated with post-ablation AF recurrence, and the LA size has been the most frequently found variable^[@r24],[@r25]^. The study by Hsieh et al^[@r24]^ has shown that, in 207 patients undergoing ablation, the major clinical variables found in patients with recurrence after one year were SAH and LA enlargement defined as a LA diameter \> 40 mm. Such data are similar to those from the study by Berruezo et al^[@r26]^, which identified LA enlargement as an independent predictor of AF recurrence after RF ablation. Recently, Zhuang et al^[@r27]^ have reported a meta-analysis with 22 studies, including 3,750 patients, emphasizing that LA enlargement is an advanced marker of remodeling and the major marker of the increased risk for AF after ablation. Another meta-analysis, which is being prepared for publication, has shown that LA diameter \> 50 mm was a predictor for AF recurrence^[@r28]^. This study showed a significant increase in the post-ablation recurrence associated with LA size. Left atrial enlargement is associated with a degree of atrial remodeling manifested as increased fibrosis, with changes in the substrate, favoring AF persistence^[@r29]^ and hindering the efficacy of RF ablation because of the need for deeper lesions to complete ablation^[@r30]^.

Among the complications observed, two cases of an inflammatory pulmonary syndrome^[@r31],[@r32]^ associated with procedures, in which additional lines in the LA posterior wall were performed, stand out. That complication has been clearly described neither in the literature nor in any world series of AF ablation. That finding is believed to be related to an inflammatory response to the extensive lesions performed in some procedures. However, a larger number of cases should be observed to better clarify that type of complication. The complication rate found in this study (4.9%) and related to the procedure was similar to that of the last world registry on AF ablation (4.5%)^[@r33]^, but lower than that reported in the registry of the Brazilian Society of Cardiac Arrhythmias (14.5%)^[@r19]^.

Study limitations
-----------------

Important limitations should be considered when analyzing the results of this study. The major limitations are the learning curve for performing a complex procedure and the small number of recurrences, which is the major limitation in this study for identifying other independent variables associated with this outcome. The magnitude of the event has not been clearly determined due to the small size of the sample. Limitations associated with this type of analysis, such as asymptomatic recurrences, are inherent in studies on AF ablation^[@r34],[@r35]^ and should be considered.

Conclusions
===========

The efficacy of RF catheter AF ablation guided by electroanatomical mapping found in this study was similar to that of other centers with experience in that type of procedure. The learning curve proved to be important in reducing the durations of the procedure and of radioscopy, and in the efficacy of AF ablation in this series.

In the present study, the size of the LA was the only variable with independent value for the AF recurrence outcome.
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